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Abstract
In order to investigate the neuronal network involved in processing extraretinal signals, functional magnetic resonance imaging
(fMRI) was applied to subjects performing the double step saccade paradigm. There, the calculation of the amplitude of the
second saccade must rely on extraretinal signals of the first. When compared to a task where both saccades could be performed
by means of retinal signals alone, a parieto-frontal cortical network was activated, including lateral intraparietal area, precuneus,
insula, inferior frontal gyrus and anterior cingulum. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction
To achieve visual stability, our visuomotor system
must be in a position to discriminate between changes
of the visual image arising from eye movements and
changes arising from movements within the environ-
ment. This is rendered possible through monitoring the
oculomotor output by means of extraretinal signals,
which might bear information about eye position and/
or displacement. Such information would allow the
oculomotor system, for example, to update the
retinotopic input before execution of an eye movement
with the eye position achieved after its execution (Gold-
berg & Bruce, 1990) or to shift and re-map receptive
fields during saccades (Duhamel, Colby, & Goldberg,
1992). Alternatively, extraretinal signals may be consti-
tuted by specialised coordinate systems thereby refer-
encing retinal signals to head, body or space (Andersen,
Bracewell, Barash, Gnadt, & Fogassi, 1990).
The paradigm of choice for studying extraretinal
signals is the double step paradigm (Hallett & Light-
stone, 1976a,b) in which the targets for the first and
second saccade are flashed within the latency of the first
saccade (Fig. 1). Therefore, extraretinal signals are
needed to calculate the amplitude of the second saccade
since the first saccade causes the motor vector for the
second saccade to be different from the initial
retinotopic vector of the second target. Originally, the
double step paradigm was used to study the processing
capacities of the oculomotor system. It became appar-
ent that at least the decision for an eye movement, i.e.
for the second saccade, can be processed in parallel
with the amplitude calculation process for another eye
movement, i.e. the first saccade (Becker & Ju¨rgens,
1979). Extraretinal signals may contribute to this paral-
lel processing if they are generated in advance of the
actual oculomotor output. This implies, however, that
they are generated centrally, and that they are not
reducible to proprioception stemming from the extraoc-
ular eye muscles, since, before execution of the first
saccade, the strain of these muscles is not changed.
Nevertheless, it might be possible that both peripherally
and centrally generated extraretinal signals contribute
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to the calculation of the second saccade after occur-
rence of the first.
Still, neural implementation of extraretinal signals
remains to be elucidated. Candidate central regions for
generating and processing extraretinal signals or for
contributing distinct coordinate systems are those in-
volved in processing retinal signals for eye movements,
thereby facilitating retinotopic-extraretinal interactions.
Accordingly, neurons within the lateral intraparietal
area (LIP) were found to fire in advance of visually
guided eye movements, to shift their receptive field in
advance of upcoming saccades and to reference visual
signals to the eye (Duhamel et al., 1992; Colby,
Duhamel, & Goldberg, 1995). Alternatively, there may
be regions focused on processing extraretinal signals
which are not involved in processing retinotopic signals.
Lesion studies further suggest an involvement of the
parietal cortex in processing extraretinal signals since
patients with posterior parietal lesions show dysmetric
or aborted second saccades in the double step
paradigm, which is not the case in patients with frontal
lesions (Rivaud, Mu¨ri, Gaymard, Vermersch, & Pier-
rot-Deseilligny, 1994; Heide, Blankenburg, Zimmer-
mann, & Ko¨mpf, 1995). The frontal eye field (FEF), on
the other hand, seems to participate in the control of
saccades in retinotopic coordinates as is suggested by a
reduced amplitude gain of the first contralateral sac-
cade of the double step paradigm in patients with a
lesion restricted to the FEF (Rivaud et al., 1994).
In the study reported here we used two types of
saccade tasks (Fig. 1). In the experimental condition,
i.e. the double step saccade task, the calculation of the
amplitude of the second of two consecutive saccades
had to rely on extraretinal signals whereas in the con-
trol condition, the calculation of both saccades was
based on retinotopic coordinates. By comparing the
two conditions we attempted to unravel the cortical
network involved in processing extraretinal signals.
2. Methods
Eight right handed, healthy subjects, two female, six
male, with a mean age of 32 years (range, 23–44 years)
were examined. They gave informed consent and the
study was approved by the ethical committee of the
University.
Fig. 1. The experimental design. Two oculomotor paradigms were tested: (1) double step saccades and (2) as control condition, two visually guided
saccades. In both conditions, the number of executed saccades are identical, however, there is a difference in programming these saccades. In the
double step condition, the second saccade has to be calculated by means of extraretinal information; in the visual guided saccade condition, both
saccades can be calculated with retinal information. Abscissa indicates time, ordinate space.
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Imaging was performed on a 1.5 Tesla whole body
system (Magnetom Vision, Siemens, Erlangen, Ger-
many) equipped with a head coil for single 2D multi-
slice gradient echo planar imaging (EPI, 30 parallel
axial slices, resolution 1.56×1.56×4 mm; TR 6 s, TE
62 ms, flip angle 90°, FOV 200×200 mm, 128×128
matrix). To minimise EPI-typical artefacts, axial slices
were aligned with an angulation parallel to a line
connecting the base of the genu of the corpus callosum
and the torcular Herophili. For anatomical references,
an inverse T1-weighted inversion recovery multiple
spin-echo sequence (256×258 matrix, pixel resolution
0.78×0.78 mm) of the corresponding slice position of
the EPI images was acquired. Furthermore, a T1-
weighted whole brain 3D-encoded volume data set
(256×256×144 matrix, pixel resolution 1.00×1.00×
1.25 mm) was acquired using a magnetisation-prepared
rapid gradient echo (MPR) sequence.
Visual stimuli were projected onto a screen in front
of the magnet and were generated by a personal com-
puter. Subjects viewed the screen through a mirror
system. The central fixation point and the lateral visual
targets consisted of a small dot of 0.5° of visual angle.
Saccade amplitude was randomised and varied between
5 and 20°. The luminance of the visual targets was 1.2
cd/m2 (Minolta Luminance Meter LS-110). To reduce
movement artifacts, the volunteer’s head was immo-
bilised with lateral foam pads and a Velcro stretch
across the forehead. Subjects were not dark adapted
and between scanning, the lights in the scanner were
on. However, some of the subjects reported that the
tube’s contours were weakly visible. During scanning,
subjects performed eight blocks of double step saccades
(experimental condition) with a duration of 48 s alter-
nating with visually guided saccades (control condi-
tion). In both conditions, trials started and ended with
presentation of a central fixation point (CP), as shown
in Fig. 1. Task comparison started always with the
control condition. Visual targets were always presented
in both visual hemifields with randomised amplitude
and order. In the control condition (visually guided
saccades), targets were presented for 1 s each whereas
in the experimental condition (double step saccades) the
first target was presented for 100 ms, immediately fol-
lowed by the second target in the contralateral visual
hemifield for another 100 ms. During a 1800-ms period
of darkness subjects had to perform the saccade se-
quence. Finally, the CP reappeared at the same point in
time as in the visually guided condition. The difference
in presentation duration of the visual targets (CP and
lateral visual targets) between the task and control
condition was 20%.
In three subjects, eye movements were registered by
means of an adapted electrooculographic system (Fel-
blinger et al., 1996), during the whole experiment to test
performance in the two conditions.
2.1. Data analysis
2.1.1. Group analysis; statistical parametric mapping
(SPM)
Images were analyzed with SPM 96 software, imple-
mented in MATLAB (Mathworks Inc, Sherborn, MA,
USA) on a SUN Ultra 10 workstation. To control for
head movements, individual fMRI images were re-
aligned between scans and then transformed into the
standard stereotactic coordinate system of Talairach
and Tournoux (1988). The realigned and normalised
images were smoothed by a 4.0×4.2×9.0 mm full-
width, half maximum Gaussian filter. High-pass filter-
ing with a cut-off value of 0.5 cycles/min was used to
remove physiological noise from cardiac and respira-
tory cycles. Specific task related effects were investi-
gated voxel by voxel to create statistical parametric
t-maps and subsequently transformed into maps of
z-scores. The threshold for significant activation differ-
ences at the level of individual voxel was set a P0.001
which corresponds to a z-score3.09. Only clusters
with P0.01 after correction for multiple comparisons
were accepted as a significant response.
2.1.2. Indiidual analysis; regions of interest (ROIs)
Individual images were analysed by determining re-
gions of interest (ROIs). Z-score maps with z-score
values of 3.0 were generated and overlaid on the
anatomic echo planar images of each subject. Further-
more, sagittal reconstructions of the images were calcu-
lated for localising the activated region on the medial
surface of the hemispheres. The following ROIs were
determined in the individual subject: The FEF was
defined as the region around the posterior end of the
middle frontal gyrus and the precentral sulcus. The
supplementary eye field (SEF) was defined as the dorso-
medial cortex located anterior to the paracentral sulcus
and superior to the cingulate sulcus. The intraparietal
cortex was defined as the region of the intraparietal
sulcus and the immediately adjacent cortical surfaces.
The precuneus was defined as the region along the
interhemispheric fissure extending from the cortical sur-
face to the subparietal sulcus, anteriorly limited by the
marginal ramus of the cingulate sulcus, posteriorly
limited by the parieto-occipital sulcus. The anterior
cingulate cortex was defined as the region of the cingu-
late cortex anterior to a coronal plane 10 mm posterior
to the anterior commissure.
For the individual analysis, ROIs were delineated
manually on each EPI image of each subject. Data of
the ROIs were combined across slices to volumes of
interest (VOI). Significant activation within a region
was assessed by testing the null hypothesis that the level
of activation in the VOI should be zero. A z-score of
3.0 was taken to be significant.
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Fig. 2. Regions of the brain activated during double step saccades. Activated regions are superimposed on a three-dimensional view of a standard
brain. On the left, significant activation (z-score3.09), on the right, significant deactivation (z-score−3.09) is shown.
3. Results
The results of the group analysis for activation dur-
ing double step saccades are shown in Fig. 2 and in
Table 1. The time course of adjusted activated voxel
activation during task versus control experiment in one
representative subject is shown in Fig. 3 (voxel from the
right intraparietal sulcus). We found both regions with
significant activation and deactivation in the group
analysis. A bilateral pattern of activation was found in
the intraparietal cortex and the frontal regions (middle
and inferior frontal gyrus) with a hemispheric asymme-
try of prevailing activation of the right hemisphere.
Furthermore, the insular region was bilaterally acti-
vated, whereas in right anterior cingulum and left pre-
cuneus, activation was unilateral. Interestingly, there
was no significant activation in group analysis for the
FEF. A significant deactivation as compared to the
control condition of visually guided saccades was found
in the right posterior cingulum and cingulate gyrus, and
bilaterally in the cerebellum. The primary visual region
was neither significantly activated nor deactivated. Also
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refer to Table 1 for the number of individual subjects in
whom activation of these regions was found. In one
subject there was no activation or deactivation of any
mentioned region.
Individual analysis revealed significant activation of
the FEF region in four out of eight subjects (two
subjects with bilateral activation, two with a unilateral,
left-sided activation). There was no significant activa-
tion in the region of SEF. Analysis of EOG data
showed that the subjects were able to perform double
step saccades during the whole scan, and that the
number of saccades was on average the same in both
conditions.
4. Discussion
In the present study, we examined the cortical net-
work constituting an extraretinal reference system for
saccades. To study coordinate transformation, a special
experimental design was used to reduce pure motor or
visual effects on the cortical activation pattern. Two
active conditions were compared, the number of sac-
cades to be performed during experimental and control
conditions was the same, but the programming and
calculation of saccade amplitude was different. In the
experimental — double step — condition, both visual
targets were presented very shortly and switched off
before the first saccade was performed. Consequently,
the brain could calculate only the first amplitude in a
retinotopic coordinate system, the second saccade am-
plitude had to be calculated in another, extraretinal,
reference system, for example in the craniotopic coordi-
nate system which integrates information about the
orbital position of the eye. In the control condition,
two visual targets were presented for a time long
enough to perform visually guided saccades, i.e. sac-
cadic amplitudes could be calculated in a retinotopic
reference system only. Therefore, the differences in
activity between the two conditions should unravel the
neuronal network concerned with the extraretinal refer-
ence system to which eye movements are anchored.
However, the paradigm as investigated in the present
study allows no conclusion concerning the precise na-
ture of the extraretinal information used to perform the
experimental condition. Subjects could rely on either an
internally generated craniotopic signal of the eye posi-
tion before the first saccade or on exocentric cues
informing them about spatial relations between targets
and visual landmarks. Further research could disentan-
gle these two possibilities, for example by requiring
subjects to perform the first saccade in complete dark-
ness and without any target (Dassonville, Schlag, &
Schlag-Rey, 1995). Independent of this question, the
double step paradigm as used here allows to study
extraretinal signals since, contrary to the control condi-
tion, in the experimental condition the retinal signal of
the second target is different from the motor signal
required to perform the second saccade precisely.
The results we obtained indicate that the network
involved in processing such extraretinal signals only
partially overlaps with the network involved in calcula-
tion and execution of eye movements as such. In our
study, the main activity was localised in the intrapari-
etal cortex. The role of this region for eye movements,
spatial representation, and attention is well known
from human imaging studies, animal experiments and
Table 1
Clusters of significant activation and deactivation in group average imagesa
Region Side Peak activity (mm)z-value No of subjectsCenter of activity (mm)
yxzyx z
R 6.73 37 −47Intraparietal cortex 36 5/848 −46 39
5/8−42−4444−34−485.54L 39
5.91 51 22 −8 43 19Inferior frontal gyrus 2R 4/8
4.71 −47 3 32 −45 6 29L 5/8
4/832175832Middle frontal gyrus 17583.92R
5.22 −42 59 8 −43 55 14L 4/8
R 5.29 5 30Anterior cingulum 56 3 25 56 5/8
5/8−41945−4Insula 19454.92R
L 5.41 −31 27 8 −34 29 2 4/8
LPrecuneus 4.85 −11 −66 48 −11 −66 48 3/8
R −5.02 2 −42Posterior cingulum 24 2 −42 24 5/8
L −4.93 −6 −50 8 −2 −44 16 4/8
2−4.13 2/842−24236R −25Cingulate gyrus
Cerebellum −4.83 22 −66R −16 22 −66 −16 4/8
L −4.88 −36 −66 −24 −37 −61 −22 4/8
a For each peak, the anatomical location is given according to the Talairach and Tournoux (1988) standard coordinate system. Results of
individual analysis are shown by the number of subjects activating the corresponding region.
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Fig. 3. Right: Time course of adjusted activated voxel activation during task versus control experiment in one representative subject (voxel from
the right intraparietal sulcus). The dotted line represents the change between task and control in time. On the left side, the corresponding echo
planar image is shown with the overlaid significant activation.
studies in patients with cortical lesions affecting this
region (Anderson et al., 1994; Heide et al., 1995; Cor-
betta et al., 1998; Kim et al., 1999). In a recent fMRI
study (Vallar et al., 1999), intraparietal cortex activity
was found during an experiment, in which extraretinal
information processing in a spatial-matching task was
used. In the frontal region, we found activity in the
inferior frontal gyrus and middle frontal gyrus. Vallar
et al. (1999) also found activation of the inferior frontal
gyrus during performance of their task and Corbetta et
al. (1998) had activation of this region when comparing
attention to eye movements. Surprisingly, no activation
of FEF or SEF was found in the group analysis.
Individual analysis showed activation in four of the
eight subjects for FEF but none for SEF. FEF and SEF
activation is almost always found in functional imaging
studies concerned with eye movements (e.g. Fox, Fox,
Raichle, & Burde, 1985; Bodis-Wollner et al., 1997;
Doricchi et al., 1997; Luna et al., 1998; Berman et al.,
1999; Nobre, Gitelman, Dias, & Mesulam, 2000). How-
ever, this could be explained by our experimental design
of two active conditions where similar activities, i.e.
saccade related may be cancelled by subtraction. An-
other interesting result was the activation of the insular
region. It is well known that the posterior part of the
insula, the parieto-insular cortex is a core part within
the vestibular cortical network (for a review, see Brandt
& Dieterich, 1999). In monkey, this region is multisen-
sory, and single cell recordings revealed activity during
vestibular, somatosensory, and visual information pro-
cessing (Guldin & Gru¨sser, 1996). Functional imaging
studies in humans showed activation of the region
during vestibular stimulation (Bucher et al., 1998) and
optokinetic stimulation (Dieterich, Bucher, Seelos, &
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Brandt, 1998). From a functional viewpoint, vestibular
signals are very important extraretinal signals since they
give information about body position in space. Thus,
taken together with our results, one of the main func-
tions of the insula might be to lie in a correct transfor-
mation of various kinds of coordinates.
Activity on the medial surface of the brain was
observed in cingulate cortex and precuneus on the left
side. As recently described by Bodis-Wollner, Bucher,
and Seelos (1999), precuneus activity is often observed
during saccade or pursuit movements (see also Berman
et al., 1999; Petit & Haxby, 1999). Furthermore, activ-
ity in this region is also found during spatial and
non-spatial attention tasks (Corbetta et al., 1998; Cul-
ham et al., 1998; Le, Pardo & Hu, 1998; Nagahama et
al., 1999). Both anterior and posterior cingulum were
involved in our experiment. The cingulate cortex shows
a functional heterogeneity between anterior executive
functions and posterior evaluative functions (Vogt,
Finch, & Olson, 1992). The anterior cingulum is not
constantly activated during eye movement tasks: reflex-
ive visually-guided saccades or pursuit movements pro-
vokes no or only weak activation of the region (Paus,
Petrides, Evans, & Meyer, 1993; Berman et al., 1999;
Petit & Haxby, 1999). However, more complex oculo-
motor tasks such as antisaccades, memory-guided sac-
cades or sequences of saccades activate the anterior
cingulum (Paus et al., 1993; Petit et al., 1993, 1996;
Sweeney et al., 1996). Furthermore, this region is also
activated by vestibular stimuli (Brandt & Dieterich,
1999). The posterior cingulum was found to be involved
in our experiment with a predominance of the right
hemisphere. This region may be the homologue to the
posterior cingulate cortex of the monkey (Berman et
al., 1999), a region which has anatomical connections
to many regions concerned with eye movements and
spatial attention (Cavada & Goldman-Rakic, 1989).
Our results converge with others (Olson, Musil, &
Goldberg, 1996) in the view that this region contributes
to the control of an extraretinal reference system in eye
movements. Moreover, Berman et al. (1999) could
demonstrate that the posterior cingulum is strongly
activated during smooth pursuit movements, which
may be taken to further indicate that this area furnishes
motor centers with extraretinal inputs (Berman et al.,
1999).
In conclusion, the results of the present study suggest
that the cortical network involved in processing ex-
traretinal signals partially overlaps with oculomotor,
vestibular, and attentional circuitry.
References
Andersen, R. A., Bracewell, R. M., Barash, S., Gnadt, J. W., &
Fogassi, L. (1990). Eye position effects on visual, memory, and
saccade-related activity in areas LIP and 7a of macaque. Journal
of Neuroscience, 10, 1176–1196.
Anderson, T. J., Jenkins, I. H., Brooks, D. J., Hawken, M. B.,
Frackowiak, R. S., & Kennard, C. (1994). Cortical control of
saccades and fixation in man. A PET study. Brain, 117, 1073–
1084.
Becker, W., & Ju¨rgens, R. (1979). An analysis of the saccadic system
by means of double step stimuli. Vision Research, 19, 967–983.
Berman, R. A., Colby, C. L., Genovese, C. R., Voyvodic, J. T., Luna,
B., Thulborn, K. R., & Sweeney, J. A. (1999). Cortical networks
subserving pursuit and saccadic eye movements in humans: an
FMRI study. Human Brain Mapping, 8, 209–225.
Bodis-Wollner, I., Bucher, S. F., Seelos, K. C., Paulus, W., Reiser,
M., & Oertel, W. H. (1997). Functional MRI mapping of occipital
and frontal cortical activity during voluntary and imagined sac-
cades. Neurology, 49, 416–420.
Bodis-Wollner, I., Bucher, S. F., & Seelos, K. C. (1999). Cortical
activation patterns during voluntary blinks and voluntary sac-
cades. Neurology, 53, 1800–1805.
Brandt, T., & Dieterich, M. (1999). The vestibular cortex. In B.
Cohen & B. J. M. Hess (Eds.), Otolith function in spatial orienta-
tion and movement. Annals of the New York Academy of Sciences
871, 293–312.
Bucher, S. F., Dieterich, M., Wiesmann, M., Weiss, A., Zink, R.,
Yousry, T. A., & Brandt, T. (1998). Cerebral functional magnetic
resonance imaging of vestibular, auditory, and nociceptive areas
during galvanic stimulation. Annals of Neurology, 44, 120–125.
Cavada, C., & Goldman-Rakic, P. S. (1989). Posterior parietal cortex
in rhesus monkey: I. Parcellation of areas based on distinctive
limbic and sensory corticocortical connections. Journal of Com-
paratie Neurology, 287, 393–421.
Colby, C. L., Duhamel, J. R., & Goldberg, M. E. (1995). Oculocen-
tric spatial representation in parietal cortex. Cerebral Cortex, 5,
470–481.
Corbetta, M., Akbudak, E., Conturo, T. E., Snyder, A. Z., Ollinger,
M. R., Drury, H. A., Linenweber, M. R., Petersen, S. E., Raichle,
M. E., Van Essen, D. C., & Shulman, G. L. (1998). A common
network of functional areas for attention and eye movements.
Neuron, 21, 761–773.
Culham, J. C., Brandt, S. A., Cavanagh, P., Kanwisher, N. G., Dale,
A. M., & Tootell, R. B. (1998). Cortical fMRI activation pro-
duced by attentive tracking of moving targets. Journal of Neuro-
physiology, 80, 2657–2670.
Dassonville, P., Schlag, J., & Schlag-Rey, M. (1995). The use of
egocentric and exocentric location cues in saccadic programming.
Vision Research, 35, 2191–2199.
Dieterich, M., Bucher, S. F., Seelos, K. C., & Brandt, T. (1998).
Horizontal or vertical optokinetic stimulation activates visual
motion-sensitive, ocular motor and vestibular cortex areas with
right hemispheric dominance. An fMRI study. Brain, 121, 1479–
1495.
Doricchi, F., Perani, D., Incoccia, C., Grassi, F., Cappa, S., Betti-
nardi, V., Galati, G., Pizzamiglio, L., & Fazio, F. (1997). Neural
control of fast-regular saccades and antisaccades: an investigation
using positron emission tomography. Experimental Brain Re-
search, 116, 50–62.
Duhamel, J.-R., Colby, C., & Goldberg, M. E. (1992). The updating
of the representation of visual space in parietal cortex by intended
eye movements. Science, 255, 90–92.
Felblinger, J., Mu¨ri, R. M., Ozdoba, C., Schroth, G., Hess, C. W., &
Boesch, C. (1996). Recordings of eye movements for stimulus
control during fMRI by means of electro-oculographic methods.
Magnetic Resonance in Medicine, 36, 410–414.
Fox, P. T., Fox, J. M., Raichle, M. E., & Burde, R. M. (1985). The
role of cerebral cortex in the generation of voluntary saccades: A
positron emission tomographic study. Journal of Neurophysiology,
54, 348–369.
P.N. Tobler et al. / Vision Research 41 (2001) 1351–13581358
Goldberg, M. E., & Bruce, C. J. (1990). Primate frontal eye fields. III.
Maintenance of a spatially accurate saccade signal. Journal of
Neurophysiology, 64, 489–508.
Guldin, W., & Gru¨sser, O. J. (1996). The anatomy of the vestibular
cortices of primates. In M. Collard, M. Jeannerod, & Y. Christen,
(Eds.) Le cortex estibulaire (pp. 17–26). Boulogne: Editions
Irvinn.
Hallett, P. E., & Lightstone, A. D. (1976a). Saccadic eye movements
towards stimuli triggered by previous saccades. Vision Research,
16, 99–106.
Hallett, P. E., & Lightstone, A. D. (1976b). Saccadic eye movements
to flashed targets. Vision Research, 16, 107–114.
Heide, W., Blankenburg, M., Zimmermann, E., & Ko¨mpf, D. (1995).
Cortical control of double-step saccades: implications for spatial
orientation. Annals of Neurology, 38, 739–748.
Kim, Y.-H., Gitelman, D. R., Nobre, A. C., Parrish, T. B., LaBar, K.
S., & Mesulam, M.-M. (1999). The large-scale neural network for
spatial attention displays multifunctional overlap but differential
asymmetry. Neuroimage, 9, 269–277.
Le, T. H., Pardo, J. V., & Hu, X. (1998). 4 T-fMRI study of
nonspatial shifting of selective attention: cerebellar and parietal
contributions. Journal of Neurophysiology, 79, 1535–1548.
Luna, B., Thulborn, K. R., Strojwas, M. H., McCurtain, B. J.,
Berman, R. A., Genovese, C. R., & Sweeney, J. A. (1998). Dorsal
cortical regions subserving visually guided saccades in humans: an
fMRI study. Cerebral Cortex, 8, 40–47.
Nagahama, Y., Okada, T., Katsumi, Y., Hayashi, T., Yamauchi, H.,
Sawamoto, N., Toma, K., Nakamura, K., Hanakawa, T., Kon-
ishi, J., Fukuyama, H., & Shibasaki, H. (1999). Transient neural
activity in the medial superior frontal gyrus and precuneus time
locked with attention shift between object features. Neuroimage,
10, 193–199.
Nobre, A. C., Gitelman, D. R., Dias, E. C., & Mesulam, M.-M.
(2000). Covert visual spatial orienting and saccades: overlapping
neural systems. Neuroimage, 11, 210–216.
Olson, C., Musil, S., & Goldberg, M. E. (1996). Single neurons in
posterior cingulate cortex of behaving macaque: eye movement
signals. Journal of Neurophysiology, 76, 3285–3300.
Paus, T., Petrides, M., Evans, A. C., & Meyer, E. (1993). Role of the
human anterior cingulate cortex in the control of oculomotor,
manual, and speech responses: a positron emission tomography
study. Journal of Neurophysiology, 70, 453–469.
Petit, L., Orssaud, C., Tzourio, N., Salamon, G., Mazoyer, B., &
Berthoz, A. (1993). PET study of voluntary saccadic eye move-
ments in humans: Basal ganglia– thalamocortical system and cin-
gulate cortex involvement. Journal of Neurophysiology, 69,
1009–1017.
Petit, L., Orssaud, C., Tzourio, N., Crivello, F., Berthoz, A., &
Mazoyer, B. (1996). Functional anatomy of a prelearned sequence
of horizontal saccades in humans. Journal of Neuroscience, 16,
3714–3726.
Petit, L., & Haxby, J. V. (1999). Functional anatomy of pursuit eye
movements in humans as revealed by fMRI. Journal of Neuro-
physiology, 82, 463–471.
Rivaud, S., Mu¨ri, R. M., Gaymard, B., Vermersch, A. I., & Pierrot-
Deseilligny, C. (1994). Eye movement disorders after frontal eye
field lesions in humans. Experimental Brain Research, 102, 110–
120.
Sweeney, J., Mintun, M., Kwee, S., Wiseman, M., Brown, D.,
Rosenberg, D., & Carl, J. (1996). Positron emission tomography
study of voluntary saccadic eye movements and spatial working
memory. Journal of Neurophysiology, 75, 454–468.
Talairach, J., & Tournoux, P. (1988). Co-planar stereotaxic atlas of
the human brain. Stuttgart: Thieme.
Vallar, G., Lobel, E., Galati, G., Berthoz, A., Pizzamiglio, L., & Le
Bihan, D. (1999). A fronto-parietal system for computing the
egocentric spatial frame of reference in humans. Experimental
Brain Research, 124, 281–286.
Vogt, B. A., Finch, D. M., & Olson, C. R. (1992). Functional
heterogeneity in cingulate cortex: the anterior executive and poste-
rior evaluative regions. Cerebral Cortex, 2, 435–443.
.
